tions and all the experimental data was obtained. The Molecular Dynamics configuration was refined further using Reverse Monte Carlo methods to obtain a final atomistic configuration. The Nd 3 Al 5 O 12 Molecular Dynamics configuration was refined using the X-ray data alone and the results show that the final configuration was in worse agreement with the data than the original Molecular Dynamics calculation. From this result it was concluded that in order to obtain a good atomistic model of Tb 3 Al 5 O 12 it is essential to include at least one neutron diffraction measurement in the Molecular Dynamics -Reverse Monte Carlo refinement.
Introduction
The physical and optical properties of glasses are closely related to the atomic structure of the glass including the network topology, the effect of network modifiers and the inclusion of ions into network structure. Hence the direct determination of the structural motifs and their connectivity, the coordination of modifier ions in the network and the position of other charged ions in the network are all important pieces of structural information needed to improve our understanding of their behaviour [1, 2] . However, in an -components system, even simple information such as coordination numbers and bond lengths are difficult to obtain from a single diffraction pattern of a glass due to the overlapping contributions of the = ( + 1)/2 atom-atom pair correlations in the diffraction patterns and their associated reciprocal space partial structure factors [3] . The situation may be improved by noting in the case of both X-ray and neutron diffraction that the relative contribution of each ( ) to the measured diffraction pattern can be altered by changing, for example, the wavelength of the radiation used, or, in the case of neutrons, the isotopic composition of the elements in the sample. The technique of neutron diffraction and isotopic substitution (NDIS) has been used extensively to obtain atom specific information in many disordered materials. In contrast the X-ray equivalent, Anomalous X-ray Diffraction (AXD) has been used in only a limited number of cases, largely due to the technical difficulties in doing accurate measurements.
NDIS has been successfully applied to a large number of binary ( = 2) liquids and glasses where individual partial structure factors may be determined unambiguously by measurement of = 3 samples of different isotopic compositions [3] . The formal solution of the problem then involves the inversion of a 3 × 3 matrix. The method has also been extended to experiments in which X-ray diffraction and NDIS [4] , AXD and a single neutron diffraction measurement [5] , and multiwavelength AXD measurements have been combined [6] .
However, when the number of component elements in the material exceeds two, the direct determination of the partial structure factors is no longer feasible due to the poor conditioning of the inverse matrix and the large numerical errors this introduces. For example, in the case of = 3 there are = 6 partial structure factors that need to be obtained by 6 independent measurements and the inversion of a 6 × 6 matrix. In these systems measurements have been largely restricted to difference experiments in which the correlations to particular target elements are obtained. Hence, in these cases there are no realistic experimental methods that can be used to unambiguously determine all the partial structure factors of the system [3] .
Computer simulations including, Monte Carlo (MC), Molecular Dynamics (MD) and ab initio Molecular Dynamics (AIMD) are increasingly used to model the structure of liquids and glasses, see for example, Reference [7] . Inherent in these methods is the ability to generate theoretical partial structures for the material. These can then be used to construct theoretical X-ray or neutron diffraction patterns that can be directly compared to experiment. The level of agreement with the experimental data is then used to validate the accuracy of the simulation.
However, perfect agreement is difficult to achieve and comparison at the level of a single diffraction experiment does not always reveal any subtle, but perhaps important, correlations in the material.
In recent years the bridge between experiment and simulation has been addressed by structural refinement methods based on the Reverse Monte-Carlo (RMC) method whereby the theoretical structural model is refined by making random small changes in the atom configuration to obtain closer agreement with the experimental data [8] . The justification for the method is predicated on the basis that provided the displacement of the atoms from the original positions is small (less than a typical inter-atomic spacing) then the basic structure is unchanged. A direct analogy is crystal structure refinement by the Rietveld method. However, the effectiveness of the method depends on two factors: the degree of the initial agreement between the simulation and experimental data and the information content in the experimental data.
In this paper we explore the issue of information content with regard to measurements of the structure of two related rare earth aluminate glasses, namely Tb 3 Al 5 O 12 and Nd 3 Al 5 O 12 . In particular we address how the addition of explicit atom specific information such as AXD and NDIS improves the reliability of the refined models and we also explore issues that should guide the planning of future experiments.
Theory

Diffraction
The diffraction pattern obtained from a glass, after correction for experimental effects (self-absorption, multiple scattering ...) may be written as,
where , are the atomic concentrations of species and respectively, ( ), ( ) are the atomic scattering factors, ( ) are the partial FaberZiman structure factors corresponding to the correlations between species and [3] and the superscript means 'Total Structure Factor'. In a neutron scattering experiment ( ), ( ) are the neutron coherent scattering lengths and that are independent of and the incident neutron energy (apart from a small number of cases (e.g. Cd) where a strong nuclear resonance near thermal neutron energies occurs). In an X-ray scattering experiment and are the X-ray form factors and for the atoms. The X-ray form factor may be further separated into a term 0 ( ) that is related to the average electron density in the atom (or ion) and the dispersion terms and that vary strongly around the X-ray absorption edge of the atom. Hence ( ) may be written in complex number form as,
It can be seen from Equation (1) that the measured diffraction pattern, for a given composition, will change when ( ) is changed by, for example, changing the isotope (neutrons) or the wavelength around an absorption edge (X-rays or neutrons). Hence in principle, it is possible to determine the individual partial structure factors, by making ( + 1)/2 independent diffraction measurements to determine the ( + 1)/2 unknown ( ). In practise, apart from some binary compounds, the direct inversion of diffraction data to obtain partial structures in this way is not possible due to the limited statistical accuracy of the data and the ill conditioning of the inverse matrix.
In the case that only one ( ) is varied (i.e. a single isotopic substitution or a measurement at two wavelengths for the case of AXD), a First Order Difference ( ) function that gives the specific atom correlations around the substituted atom may be determined by a simple subtraction of the two diffraction patterns,
where 1 and 2 represent the change in the scattering factor from the isotopic substitution or wavelength change. The explicit dependence of has been omitted for clarity and it is assumed that the , ̸ = do not change. A second difference, the Total Minus Weighted Difference ( ) function, 
The dependent ( ) for the X-ray case act as a modifying function ( ) on ( ) − 1 in Equation (6) . The Fourier transform in in Equation (6) results in broadened peaks in real space [9] . It is common to normalise ( ) according to the Faber-Ziman scheme,
where ( ) is the sum of the dependent weighting terms in the corresponding ( ). This representation has advantages and disadvantages for the case of Xray diffraction. Direct Fourier transformation of Equation (5) gives broad peaks in real space due to the effect of the -dependence of the X-ray form factors. Hence it is difficult to resolve closely spaced peaks in real space. The normalisation used in Equation (7) has the effect of lessening this -dependence by dividing by an average -dependent form factor. In this way the real space resolution may be improved, but it must be recognised that this procedure does not result in a completely -independent weighting of each partial structure term and may lead to unwanted artifacts in the Fourier transform. Furthermore, in extreme cases, for example ( ), this normalization scheme still results in a heavy dependence of the weighting factors (see for example Figure 1 ). In this paper we always present these normalised total structure factors ( ( ), ( ) and ( )) and their related ( ), ( ) and ( ). It is this problem of the dependence of the X-ray form factors that limits the ability to determine accurate bond distances and coordination numbers by Fourier Transform in the case of X-ray diffraction. 
Modelling
An alternative approach to analysing diffraction data by direct Fourier transform methods is to take theoretical calculations, primarily Monte Carlo or Molecular Dynamics simulations, to compare the experimentally measured data with that predicted directly from these models. A good agreement between the experiment and simulation is then used to justify an interpretation of the structure based on the simulation configurations.
In practise there is never a perfect agreement between experiment and theoretical models and what constitutes good agreement is open to interpretation.
Hence, it has become common practise to use the simulation configuration as the starting point for a refinement of the structure by, for example, Reverse Monte Carlo (RMC) methods. With Molecular Dynamics and RMC procedures (MD-RMC) excellent agreement between the experimental data and the model configuration is often achieved [8, 10] .
The robustness of these refinement procedures depends strongly on the amount of experimental data included. Refinement of a single X-ray or neutron diffraction experiment puts relatively little constraint on the atomic configuration such that although good fits to the data are obtained, structural details may be missed. Hence, in practice, the more element specific information included in the refinement the more reliable the resulting model structures will be.
This modelling/fitting approach has significant advantages when X-ray data is included as the refinement procedure does not involve any ambiguities in interpretation due to the problem of dealing with -dependent X-ray form factors as noted in Section 2.1. The method therefore lends itself to combining a single neutron experiment with a single X-ray experiment where direct difference functions may not be obtained. Furthermore, it leads naturally and easily to adding further constraints from additional NDIS and/or AXD measurements as well as spectroscopic data from, for example, EXAFS or NMR.
Methods
Diffraction experiments
Samples of Tb 3 Al 5 O 12 and Nd 3 Al 5 O 12 glass were fabricated from pure Tb 2 O 3 or Nd 2 O 3 and Al 2 O 3 powders. The initial material was formed on a copper hearth by laser heating. The glasses were then formed using the method of aerodynamic levitation and laser heating by direct quenching from the melt at 2500 K which gives a cooling rate of ∼ 300 K ⋅ s
. Details of the preparation of glasses by this method have been given in reference [8] . In addition a further sample of Nd 3 Al 5 O 12 was fabricated using 146 Nd isotope (97.6% enrichment) by this method.
X-ray diffraction experiments were carried out using beamline ID31 at the ESRF (European Synchrotron Radiation Facility, Grenoble, France) at energies of 51 596 eV and 51 956 eV (400 and 40 eV below the Tb K absorption edge respectively) and 43 196 eV and 43 556 eV (400 and 40 eV below the Nd K absorption edge respectively). The incident energy resolution was approximately 1 eV. The instrument 9 channel Si(111) monochromator was used to obtain a scattered beam energy resolution of a few hundred eV in order to eliminate an issues arising from resonance raman emission close to the absorption edges and to reduce Compton scattering at high scattering angles.
Neutron diffraction experiments were carried out at the ILL (Institut LaueLangevin, Grenoble, France) using the D4C diffractometer with an incident wavelength of 0.4998 Å. The measurements were made using approximately 50 glass beads of equal mass produced under identical conditions. The beads were placed in a cylindrical vanadium cylinder (0.1 mm thickness). Standard attenuation, multiple scattering and placzek corrections were made and the data normalized with respect to a standard vanadium sample [11] . After normalization the data was corrected for the paramagnetic scattering contribution arising from moment of the Nd ion [12] . The neutron scattering lengths used in the data analysis were O = 5.803 fm, Al = 3.449 fm, Nd = 7.69 fm and Nd 146 = 8.45 fm.
Simulation and modelling methods
Molecular dynamics simulations of Tb 3 Al 5 O 12 and Nd 3 Al 5 O 12 were carried out using DL_POLY [13, 14] . Buckingham potentials [15] 
and Morse potentials [16] (
have been used. Previous studies [17] and 0.077 Å −3 respectively. Each was started from a random configuration of atoms subject to nearest neighbour distance constraints and run in the NVT ensemble using a Berensden thermostat and a timestep of 0.001 ps. The system was allowed to equilibrate for 0.5 ps and then run for a total of 50 ps. Initial runs were made at = 3000 K after which the configuration was quenched to 300 K and run for a further 50 ps.
Theoretical partial ( ) were generated from the particle positions in the final MD configuration and the partial ( ) were obtained by Fourier transform of Equation (6) . Theoretical diffraction patterns were the obtained by summing the weighted ( ) using neutron scattering lengths obtained from [19] and the tabulated neutral atom form factors from the International Tables for Crystallography [20] . Structural refinement of the final MD configurations was carried out using the RMCPROFILE (version 6) programme [21] . In each case the maximum particle move allowed was 0.01 Å and nearest neighbour cut-off distances corresponding to the minimum distances found in the MD simulation were used. The refinement was run until 2 had reached a constant value which corresponded to about 24 h on a PC (Intel i3/2.8 Ghz processor). Figure 1 shows the X-ray weightings of the partial structure factors ( ), functions. The variation in the -dependent form factors is apparent in the fluctuation of these weights over the range used in the experiments. These fluctuations mean the peak positions and shapes of the peaks in ( ) become distorted [19] . Figure 2 shows the partial structure factor weightings for neutron scattering experiments. In contrast to the X-ray case it can be seen that the weighting of NdNd ( ) is weak in all the structure functions (at most 20% in the First Order Difference). However, the Al-Al, Al-O and O-O network contributions are considerably larger and contribute 60% in ( ) and over 90% in ( ).
Results
Hence the X-ray and neutron diffraction measurements give complementary information: X-rays give most on the metal coordination structure, while neutrons give more on the basic network structure. [16] are better for these aluminate glass systems [17] . Figure 4 shows ( ), ( ) and ( ) obtained from the space data shown in Figure 3 . In ( ) a clear peak corresponding to the nearest neighbour Al-O peak is observed at ∼ 1.8 Å. This is followed by a peak at 2.34 Å (Tb 3 Al 5 O 12 ) and 2.42 Å (Nd 3 Al 5 O 12 ) that correspond to the nearest neighbour Tb-O and Nd-O distances respectively. The peak at ≃ 3.6 Å may be associated with the dominant correlation arising from TbTb ( ) and NdNd ( ) respectively. It can be noted that the short distance peaks associated with AlO ( ) and NdO/TbO ( ) in ( ) are poorly resolved in the difference functions largely due to the noise on the difference data and the smoothing needed to obtain ( )'s without large termination ripples and artifacts. For Tb 3 Al 5 O 12 the second peak in ( ), corresponding to TbO ( ), is displaced to a considerably shorter distance in the MD simulation than in the data -so much so that it shows some overlap with the AlO ( ) peak. In contrast the MD simulation for Nd 3 Al 5 O 12 shows much closer agreement with the data. This displacement to short distance may also be observed in the ( ) function. The implications, when interpreting the data, of the relative quality of the MD calculations will be discussed later. Figure 5 shows the neutron diffraction pattern obtained from the natural level of agreement between the MD simulation and the experiment even before refining the data. Figure 6 shows ( ), ( ) and ( ) generated from the -space data shown in Figure 5 .
( ) shows an isolated peak at 2.4 Å that may be associated with NdO ( ) as there are no contributions expected from NdNd ( ) or tion number NdO = 7.0(5). This peak is also observed in X-ray ( ). In contrast to the X-ray data the peak at ≃ 3.6 Å corresponding to NdNd ( ) is no longer prominent in ( ) as may be expected by its reduced weighting.
( ) shows a clearly isolated peak at ≃ 1.8 Å that may be unambiguously associated with 
AlO ( ). Integration under this peaks gives a coordination number AlO = 4.0(1).
The peak at ≃ 3 Å may be associated principally with the first peak in ( ). Figure 7 shows the X-ray diffraction patterns, ( ), in ( ), especially around the first peak. This is most likely due to the difficulty in achieving good normalization of the data and the remaining difficulties in treating the dependent form factors. Figure 8 shows , the data and also that no neutron diffraction data was included in the refinement.
The low weighting of the Al-Al, Al-O and O-O correlations in the X-ray data is most likely the origin of the this discrepancy and will be discussed later. The most notable change that has taken place in the real space data is the much better agreement of the third peak in ( ) and the second peak in ( ).
Discussion
Direct methods
The amount of information that may be extracted from a single X-ray or neutron diffraction experiment by direct Fourier transform methods is limited to the case where resolved peaks may be identified, their peak positions calculated and by integration, the coordination number associated with the peak calculated. In this way, for example, it is possible to determine the Al-O coordination number in the Nd 3 Al 5 O 12 glass directly from the neutron ( ) shown in Figure 6 . However, determination of further peaks and coordination numbers is extremely limited by the numerous overlapping peaks above ≃ 2.0 Å. The Al-O peak may also be resolved in the X-ray ( ) shown in Figure 4 although care must be taken to correct for the dependent form factors when calculating accurate coordination numbers. In addition, due to the high X-ray scattering factors for the rare-earth (RE) ion the nearest neighbour RE-O distance is also observed directly in the X-ray scattering data and the coordination number again calculated with careful normalization to correct form-factor weightings for this peak. More detailed structural information may be obtained by additional diffraction experiments exploiting neutron diffraction and isotopic substitution (NDIS) or anomalous X-ray diffraction (AXD). The NDIS method has been long established and the extra information obtained can be seen in the clearly resolved Nd-O peak in ( ) and the Al-O peak in ( ) from which reliable distance and coordination number results were obtained. In principle one may believe that similarly improved results should be obtained by AXD measurements. However, in the case of the glasses studied here the extra information obtained in the AXD measurements is more limited than the case of NDIS. It is true that the first order AXD difference formally eliminates the Al-Al, Al-O and O-O contributions to data but these are already very weak < 15% in the total diffraction data. Similarly the RE-RE correlation that dominates the total diffraction pattern dominates the first order difference function as well and the relative contributions of the RE-O and RE-Al correlations remain broadly similar. The TMWD function is also dominated by the RE-RE contributions and furthermore it is difficult to interpret due to the remaining complex dependence in the weighting factors (Figure 1 ). The reason for these observations is the high atomic number of the Rare-Earth (> 60) compared to Al (13) and O (8) . Consideration of other systems suggests that AXD methods are best suited to systems where the atomic numbers of the elements are similar and in particular Se or Te glasses, as for example in the study of Fuoss et al. [6] .
In contrast, in the NDIS experiment, where the neutron scattering lengths are broadly comparable, the First Order Difference method isolates the RE correla- Hence in the NDIS experiment, ( ) and ( ) give complementary information related to the RE correlations to the network, and to the internal network correlations respectively. A second isotope substitution has been used in the past to isolate the correlations of the target atom with itself; the so-called second order difference method [3] . In this context it may be noted in this particular case of Rare-Earth aluminate glasses, that the X-ray total diffraction experiment is dominated by this correlation. Furthermore its contrast may be enhanced by use of the AXD method such that X-ray measurements may be preferred over neutron diffraction if this correlation, in particular, is to be determined.
Modelling methods
As noted in the introduction, for an component system, ( + 1)/2 distinct diffraction measurements are needed if the full set of ( ) for the system are to be determined. In practise this is not feasible due to the limited number of iso-topes available and the numerical errors involved in solving the inverse matrix when > 2.
An alternative approach to the direct methods discussed above is to use theoretical results to calculate expected diffraction patterns and to compare these with the experimental data. The most common methods are Monte-Carlo or Molecular Dynamics simulations that generate atomic configurations from which the ( ) and hence ( ) may be calculated. These may be used to calculate the appropriate ( ), ( ) and ( ) functions. Figure 3 shows Figure 4 where the second peak is shifted to lower in the MD simulation. In contrast for Nd 3 Al 5 O 12 the agreement is very good apart from a small shoulder before the third peak in ( ) that is not observed in the simulation data. The equally good agreement of the Nd 3 Al 5 O 12 simulation with the neutron diffraction data suggests, that in this case, the MD configuration is giving a good atomistic representation of the glass structure.
For the Nd 3 Al 5 O 12 data here the close agreement of the original MD simulation and the small changes in the atomic positions after the MD-RMC refinement give confidence that the final atomic configurations are a good representation of the glass structure. Hence it is possible to analyse the configuration to obtain, for example, coordination number distributions, bond angle distributions, partial structure factors, partial radial distribution functions and other structural information such as the network topology. Such analyses may be found in recent work on Barium Aluminate glasses [8] , Barium Alumino-Titanate glasses [17] and liquid Alumina [10] . In this paper we do not discuss the final analysis of the Tb 3 Al 5 O 12 or Nd 3 Al 5 O 12 MD-RMC configurations but rather address the issue of the accuracy of the MD-RMC when there is a limited amount of diffraction data available.
In the analysis of the Tb 3 Al 5 O 12 data there was relatively poor agreement, in comparison to Nd 3 Al 5 O 12 , of the MD simulation with the X-ray data obtained.
Nevertheless, the MD configuration was refined successfully to obtain good agreement with experiment in both cases. In comparison however, the refinement of the When the Nd 3 Al 5 O 12 glass structure is refined by MD-RMC using X-ray data alone (including AXD) the fit is almost indistinguishable from that shown in Figure 7 and the quality of fit is similar to that obtained for Tb 3 Al 5 O 12 . We used this MD-RMC configuration to generate predicted neutron diffraction patterns for our experimental data. These are shown in Figure 11 . It is immediately noticeable that this refinement procedure results in a configuration that is in relatively poor agreement with the neutron data set and worse than our original MD simulation! Hence, in the example of these glasses it is clear that using X-ray data alone (even including AXD) is not sufficient to obtain a reliable atomic configuration via an
MD-RMC refinement. The situation will be exacerbated in the case of The network structure may be explored further by considering the BhatiaThornton Structure factors for the Al-O network as described in previous studies [8, 17] . Figure 13 shows the results from the MD-RMC configurations of Figure 11 : Comparison of the neutron diffraction measurements (black) to the predicted neutron patterns (red) for Nd 3 Al 5 O 12 when the the MD-RMC refinement was to the X-ray data alone a) ( ), b) ( ), c) ( ) and when the data was refined with all the X-ray data and a single neutron diffraction measurement, d) ( ), e) ( ) and f) ( ).
Nd 3 Al 5 O 12 is almost completely absent.
( ) is strongly related to the network topology and given the similarity in their physical properties and their glass forming ability we would not expect such a large difference. As noted previously, the Al-O correlations are poorly weighted in the X-ray structure factors and this result confirms the observation above that the neutron data is essential, in this class of materials, to obtain meaningful information concerning the network structure.
It is interesting to compare oscillations at high . This result is very similar to that observed in Ba-Al-Ti-O glasses [17] where higher coordinated Ti atoms and less uniform AlO 4 tetrahedra also resulted in the absence of a strong FSDP.
The Al-O coordination number obtained from the MD-RMC models using a cut-off of 2.1 Å gives a value of 4.0 and 4.1 for Tb 3 Al 5 O 12 and Nd 3 Al 5 O 12 respectively and confirms the basic 4-fold Al-O coordination. The inset in Figure 13 shows This again confirms the difficulty of obtaining firm information concerning the Al-O coordination without the use of neutron scattering data.
Finally, it is interesting to compare the refinement result for the case in which only the total X-ray and neutron diffraction patterns are used for the MD-RMC refinement. This case is of particular interest as it avoids the need to carry out the technically challenging AXD measurements and the high cost of the isotopes necessary for the NDIS measurements. Figure 12 shows the refined -space data in this case. Comparison of this data with the MD-RMC refinement of the complete data set (Figures 7 and 9 ) shows good agreement, even in the difference functions that are not directly measured by this method.
This suggests that in the case of Tb 3 Al 5 O 12 a good quality atomistic configuration of the glass should be obtainable by making a complementary neutron diffraction measurement (isotopes do not exist in this case) and by obtaining an MD simulation that is closer agreement with the experimental data before the MD-RMC refinement is carried out.
Summary
The analysis of the Nd 3 Al 5 O 12 data above clearly demonstrates the need to include as much experimental data as possible in any MD-RMC refinement procedure. However, it must also be recognised there are limitations in the number of measurements that may be practically realised, for example, the lack of suitable isotopes for NDIS experiments.
Conventional analysis in terms of the interpretation of Fourier transformed ( ) data is limited in the case of Anomalous X-ray Diffraction data by the signalto-noise ratio on the experimental data and the dominance of the RE-RE correlations in the total and the difference diffraction patterns. Nevertheless, for oxide glasses containing high atomic number metals this is a good method for measuring this correlation. In contrast NDIS provides high quality information on the nearest neighbour RE-O correlation in the First Order Difference and the Al-O nearest neighbour correlation in the Total Minus Weighted Difference measurement. However, due to the -dependent form factors direct generation of Xray/neutron difference functions is not possible. Hence, in order to make the max-imum use of complementary X-ray and neutron diffraction data other methods must be explored.
The MD-RMC method is a suitable approach to combining neutron and X-ray data that avoids the problems associated with dependent X-ray form factors. The success of this method ultimately depends on the initial accuracy of the MD simulations and the information content in the experimental data. Comparative analysis of the Nd 3 Al 5 O 12 data in this paper shows the limits of relying on X-ray or neutron diffraction measurements alone (see for example Figure 11 ). Indeed, MD-RMC refinement in this case may give rise to a configuration that is in worse agreement than the original MD simulation.
For the case of the Rare-Earth glasses studied here, the most effective approach, when there is limited data available, is firstly to combine X-ray and neutron diffraction measurements at the total structure factor level. The results from the Nd 3 Al 5 O 12 measurements suggest that the MD-RMC refinement for Tb 3 Al 5 O 12 glass based on the X-ray diffraction measurements alone is insufficient to get a good atomistic model of the structure. However, it also suggests that for Tb 3 Al 5 O 12 , where Tb isotopes do not exist, that the combination of X-ray and neutron total structure factor data, coupled with an improved MD simulation based on Morse potentials would be sufficient to generate a good atomistic model of this glass If suitable Rare-Earth isotopes are available then a neutron first order difference measurement enhances strongly the available information due to the separation of the Rare-Earth correlations in the first order difference from the network contributions that dominate the Total Minus Weighted Difference function. However, restriction of the experimental data to NDIS alone (i.e. no X-ray data) means the RE-RE correlations are less constrained in the MD-RMC refinement. In principle, neutron second order difference methods can supply this information but this can only be done for a limited number of elements where suitable isotopes are available.
In comparison, MD-RMC refinement of X-ray diffraction measurements alone should be treated carefully even if AXD data is also included. In particular the low weighting of the Al-Al, Al-O and O-O means that little information about the glass network may be obtained from this method alone. Similarly, MD-RMC refinement of single neutron diffraction measurements is also prone to inaccuracies, especially with respect to the Rare-Earth correlations.
Conclusions
X-ray diffraction data including anomalous scattering measurements has been obtained for Tb 3 Al 5 O 12 glass. Neutron diffraction, including isotopic substitution (NDIS), and X-ray diffraction, including AXD, have been obtained for Nd 3 Al 5 O 12 .
Good agreement between and MD simulation based on Morse potentials and the Nd 3 Al 5 O 12 measurements was obtained. The MD configuration was further refined by the MD-RMC method to obtain a good atomistic description of the glass.
It is shown, by comparable analysis of the Nd 3 Al 5 O 12 X-ray data alone that an MD-RMC refinement of the Tb 3 Al 5 O 12 data is incapable of refining the network structure of the glass, indeed it makes the situation worse. In general, the results demonstrate the need to consider carefully the information content (relative contributions of each correlation to the experimental data) when considering the ability of any MD-RMC refinement to accurately reflect the true structure of the material under study.
